ratios they lead to an equilibrium curve generalizing the classical KShler approach [e.g., Byers, 1978 ; Pruppacher and Klell, 1978] to isothermal-isochoric systems.
To study the effect of limitation of water vapor in a closed system, we discuss the condensation of water on HeSO4-HeO droplets in a system characterized by different number densities of such droplets. Then we generalize the presented theory to heterogeneous processes on wettable but completely water insoluble particles.
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KONOPKA AND VOGELSBERGER: K6HLER EQUATION FOR FINITE SYSTEMS
To give an application of the isochoric K6hler equa- 
( x dp 3x d•) 
For highly diluted electrolytes, the (ideal) approxima- Of course, the presented theory is also applicable for frozen droplets if the ice crystals can be approximately described as spherical particles with an appropriate surface tension. Furthermore, $w has to be replaced by Si, and all the thermodynamical equilibrium data have to be related on ice. To estimate the r-Sw domain in which the frozen droplets can exist, the dotted lines calculated for p[• -0 and Si -I are plotted in Figure 2 . Consequently, the possible states of frozen droplets are bounded by the isotherm-isochoric KShler equations and both these curves.
Heterogeneous Condensation
In many cases the condensation of water on soluble particles can be significantly influenced by the presence of water-insoluble but wettable heterogeneous surfaces [Pruppacher and Klett, 1978] . In the following, we generalize the results of the previous section to condensation processes in which each condensation center consists of a pure solute together with a solid, waterinsoluble, and spherical particle with radius R. Here, two cases are discussed in which the solid particle is either completely or partially included in the solution droplet (see Figure 3) 
Formation of Contrails
Contrails from engine exhaust of high-flying aircraft may influence the climatological and chemical state of the atmosphere [Schumann, 1994 In particular, we confine our study to an air parcel on the jet axis at a time when the maximum possible relative humidity, S• max, is reached. This value strongly depends on the amount of water vapor released by the engine, the ambient conditions, and on the expanding and cooling of the jet. Typically, 1 < S• m•x < 2 is reached at plume age 0.1 < t max < 1 s and corresponds to jet diameter D between 2 and 3 m. Furthermore, we assume that in contrast to the total jet, the considered air parcel is in local equilibrium, and consequently, the discussed KShler equation can be applied.
In the following, two different water condensation mechanisms in the air parcel are discussed: First, we study condensation of water on soot particles which surface may be covered, at least partially, with sulfuric acid. Lainreel and Novakov [1995] processes between soot particles (eventually containing sulfuric acid) and the pure H2SO4/H20 droplets.
Conclusions
An extension of the classical KShler equation to systems with a limited water amount was presented. Cornpared with the classical approach, such constraint leads to an additional stable state of a liquid droplet containing soluble substance. According to this theory, the effect of hysteresis for droplet growth and shrinkage due to changing relative humidity $w can be qualitatively described.
The theory was applied for a study of possible condensation processes in aircraft contrails. In particular, we compared three different kinds of water condensation centers: soot, soot covered with sulfuric acid, and pure H20/H2SO4 droplets. All kinds of particles are released by the aircraft engines and compete during their growth for the water vapor. Here we discussed conditions under which different condensation centers can be activated (in KShler sense) by taking into account that only a limited amount of water vapor is available during the condensation process.
In particular, a comparison of possible effective droplets radii, their number densities, and the necessary supersaturations for their activation leads to the result that for atmospheric situations where the plume becomes supersaturated with respect to water, a rapid droplet growth on soot particles with or without sulfuric acid followed by subsequently freezing is more favorable than a homogeneous growth of H20/H2SO4 droplets without soot. According to our discussion there are two reasons for this effect. First, the heterogeneous condensation on soot containing sulfuric acid can occur at much lower supersaturation values than condensation on pure H20/H2SO4 droplets. Second, the pre- Fahey et al. [1995] indicate that large sulfate aerosols (> 100 nm) can successfully compete with soot particles during contrail formation. Furthermore, it is important to note that the analysis of contact angle does not address the issue how soot particles containing sulfuric acid are formed. Here, we explored only the role of the contact angle on the activation of heterogeneous condensation centers, especially on the activation of soot coated with sulfuric acid. We also did not consider the effect of sulfuric acid on the surface properties of soot, but we took into account only the solution effect of sulfuric acid on the heterogenous condensation of water vapor.
